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Example responses and scores:

"There is tons more matter now. Then there was tons of energy, but now it has transformed into
matter."

% $ (D)D)
) ( F ) $

"[ think there is more because the universe is expanding and things are being created along
w/expansion to 'fill it up'"

% $ ,D)))D)O

o $ $ )) 8

"There is just as much matter now then then. It has just expanded."

% $ /D0))) /
J 0)))



Item 3: Has the density of matter in the universe changed over time, or has it always been about the
same? Explain your reasoning and provide a drawing if possible to help illustrate your thinking.

What this item measures: This item measures whether or not students realize that the density
of matter has decreased over time due to expansion..
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Scoring rubric for Item 3.

Score Response Includes Reasoning Elements
3 - claim that the density has decreased I - Student says the density increases.
over time . . |1I - Student says the density decreases.
- reason based on the universe becoming
bigger over time III - Student says the density is constant.

2 -claim that the the density has decreased | IV - Student says the density changes, but doesn't
over time specify how.
- no reasons given or incomplete or

. V - Students says the amount of matter in the
Incorrect reasons

universe has changed.

1 - any claim other than the density has VI - Student says the amount of matter in the
decreased over time universe has not changed.

0 - nothing (answer field left blank) VII - Student says the size of the universe has
- information that does not answer the | changed/stuff spread out.
question VIII - Student says the size of the universe has not

- no idea changed/stuff hasn't spread out.

IX - Student talks about objects forming over time.
X - Student talks about objects evolving over time.
XI - Student talks about objects dying/breaking up.
XII - Student talks about the effects of gravity.
XIII - Student talks about matter changing forms.

XIV - Student gives some other reason not specified
above.

XV - Student gives irrelevant information.
XVI - Student says s/he has no idea.

XVII - Answer field is blank or no response given.

NB: You may assign multiple reasoning elements to a single response.
Example responses and scores:
"It was more dense @ the beginning, and is now less dense b/c the universe has expanded.”

How this response is scored: 3 II VII. This student gets an overall score of 3 because she
correctly said that the density has dropped (II) due to the expansion of the universe (VII).
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"[ think it's got less dense I mean there was none, then the Big Bang and now it formed."

How this response is scored: 2 11 V IX. This student gets an overall score of Il because,

although he said the density decreased (I1), he also talked about how the amount of matter has
changed (V) and objects forming (IX).

"It has changed, I couldn't say if its gotten larger or smaller but since D=M/V, and the mass has not
changed, but I'm pretty sure V has, the D would be different.”

How this response is scored: 1 IV _VI VII. This student says the density changes, but can't
say how (IV), so she gets an overall score of 1. She also talks about how the amount of matter
has not changed (VI), how the size of the universe has changed (VII).

Item 4: Galaxy X and Galaxy Y are part of an expanding universe. Inhabitants of Galaxy X see a star
explode in Galaxy Y. They determine that the light from the explosion took 8 billion years to reach
Galaxy X. How far apart were Galaxy X and Galaxy Y when the star exploded in Galaxy Y?

a) less than 8 billion light-years apart b) exactly 8 billion light-years apart

¢) more than 8 billion light-years apart d) there is not enough information to tell
Explain your reasoning for your choice and provide a drawing if possible to help illustrate your
thinking.

What this item measures: This item measures whether a student can relate distances and
lookback times in an expanding universe.



Scoring rubric for item 4.
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Score Response Includes | Answer Choice Reasoning Elements

3 -right answer (A) A - Student I - Student talks about the expanding
- correct reason chooses answer |universe/galaxies getting farther apart.

2 -right answer (A) A. IT - Student talks about galaxies getting closer
- no reasons given or together.
%ncomplete or B - Student IIT - Student says light needs 8 billion years to travel
Incorrect reasons chooses answer |8 billion light-years.

1 - incorrect answer(s) B. IV - Student says light-years are shorter than normal

years.
0 - nothing (answer C - Student V - Student says light-years are longer than normal

field left blank

- information that
does not answer the
question

- no idea

chooses answer
C.

D - Student
chooses answer
D.

years.

VI - Student says light-years are different than
normal years, but doesn't know or doesn't specify if
they think light-years are longer or shorter than
normal years.

Z - Student VII - Student says light may be slowed by something
makes no between the two galaxies.
selection.

VIII - Student says we need more information on
how galaxies moving apart.

IX - Student says we need more information on how
galaxies moving together.

X- Student says 8 billion light-years is the minimum
distance between Galaxies X and Y.

XI - Student talks about time Galaxy X needs to see
explosion.

XII - Student says there's not enough information.
XIII - Student gives irrelevant information.

XIV - Student gives other reason not specified
above.

XV - Student says s/he has no idea.
XVI - Response field left blank or no reason given.

Example responses and scores:

"A. The Galaxies are spreading apart so the light from the explosion had to catch up with the othe
Galaxy which ws speeding away, so it took longer."”

How this response is scored: 3 A 1. The student chose the correct answer (A) and defended
his answer by discussing the effects of expansion.
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"A. it was in the galaxy so closer"

How this response is scored: 2. A XIV. This student selected the right answer (A) but gave a
reason that does not match any of the common reasoning elements (XIV).

"B. The sight of the explosion travels @ the speed of light to Earth. 8-billion years @ the speed of
light means 8-billion light years away."

How this response is scored: 1 B _III. This student selected the wrong answer (B) and
discussed how light would travel 8 billion light-years in 8 billion years.

Item 5: How far apart are Galaxy X and Galaxy Y when Galaxy X sees the star explode?

a) less than 8 billion light-years apart b) exactly 8 billion light-years apart

c¢) more than 8 billion light-years apart d) there is not enough information to tell
Explain your reasoning for your choice and provide a drawing if possible to help illustrate your
thinking.

What this item measures: This item measures whether a student can relate distances and
lookback times in an expanding universe.



Scoring rubric for item 5.
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Score Response Includes | Answer Choice Reasoning Elements

3 -right answer (C) A - Student I - Student talks about the expanding
- correct reason choose answer | universe/galaxies getting farther apart.

2 -right answer (C) A. IT - Student talks about galaxies getting closer
- no reasons given or together.
%ncomplete or B - Student IIT - Student says light needs 8 billion years to travel
Incorrect reasons chooses answer |8 billion light-years.

1 - incorrect answer(s) B. IV - Student says light-years are shorter than normal

years.
0 - nothing (answer C - Student V - Student says light-years are longer than normal

field left blank

- information that
does not answer the
question

- no idea

chooses answer
C.

D - Student
chooses answer
D.

Z - Student
makes no
selection.

Example responses and scores:

years.

VI - Student says light-years are different than
normal years, but doesn't know or doesn't specify if
they think light-years are longer or shorter than
normal years.

VII - Student says light may be slowed by something
between the two galaxies.

VIII - Student says we need more information on
how galaxies moving apart.

IX - Student says we need more information on how
galaxies moving together.

X- Student says we need more information on the
rate of expansion.

XI - Student says answer depends on where, exactly,
events happen in Galaxies X and Y.

XII - Student says there's not enough information.
XIII - Student gives irrelevant information.

XIV - Student gives other reason not specified
above.

XV - Student says s/he has no idea.
XVI - Response field left blank or no reason given.

"C. The galaxies are drifting away and have been now for 8 B years."

How this response is scored: 3 C 1. This student selected the correct answer (C) and
explained his answer in terms of the expanding universe (I).

"C. The light you see is older. In the time light must travel, the light you are seeing might not be there
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anymore”

How this response is scored: 2 C_XIV. The student chose the right answer (C) but for a
reason that does not match any of the listed reasoning elements (XIV).

"D. We do not know if the galaxies are moving toward or away from each other. The fact that the
universe is expanding means it is more likely that the galaxies are farther apart from each other now
than earlier. But there is no information pertaining to the direction of the galaxies in relation to each

other.”

How this response is scored: 1 D I VIII IX. This student talks about the universe expanding

(D) but feels he needs more information on whether the galaxies are moving toward (I1X) or
away (VIII) from one another.

Item 6: The universe is 13 billion years old when inhabitants of Galaxy X see the star in Galaxy Y
explode. When these inhabitants look at the exploding star, they see what Galaxy Y was like when the

universe is what age?
a) less than 5 billion years old b) exactly 5 billion years old
¢) more than 5 billion years old d) there is not enough information to tell
Explain your reasoning for your choice and provide a drawing if possible to help illustrate your

thinking.

What this item measures: This item measures whether a student can relate distances and
lookback times in an expanding universe.



Scoring rubric for item 6.
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Score Response Includes | Answer Choice Reasoning Elements

3 -right answer (B) A - Student I - Student talks about the expanding
- correct reason choose answer | universe/galaxies getting farther apart.

2 -right answer (B) A. IT - Student talks about galaxies getting closer
- no reasons given or together.
%ncomplete or B - Student IIT - Student says light needs 8 billion years to travel
Incorrect reasons chooses answer |8 billion light-years.

1 - incorrect answer(s) B. IV - Student says light-years are shorter than normal

years.
0 - nothing (answer C - Student V - Student says light-years are longer than normal

field left blank)

- information that
does not answer the
question

- no idea

chooses answer
C.

D - Student
chooses answer
D.

Z - Student
makes no
selection.

years.

VI - Student says light-years are different than
normal years, but doesn't know or doesn't specify if
they think light-years are longer or shorter than
normal years.

VII - Student says light may be slowed by something
between the two galaxies.

VIII - Student says we need more information on
how galaxies moving apart.

IX - Student says we need more information on how
galaxies moving together.

X- Student reasons that 13-8=5/light traveled for 8
billion years.

XI - Student talks about what Galaxy Y is like after
the explosion.

XII - Student talks about the star exploding more
than 8 billion years ago.

XIII - Student talks about how it takes time to see
events happen in the universe/lookback time.

XIV - Student says expansion affects age.

XV - Student says answer depends on where, exactly,
events happen in Galaxies X and Y.

XVI - Student says there's not enough information.
XVII - Student gives irrelevant information.

XVIII - Student gives other reason not specified
above.

XIX - Student says s/he has no idea.
XX - Response field left blank or no reason given.
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Example responses and scores:

"B. 13-8=5"

How this response is scored: 3 B X. This student used subtraction (X) to arrive at the correct
answer (B).

"B. Different life forms could believe anything really. They could think its been 20 billion years. By
guessing that it has been 5 billion years exactly would seem most logical."”

How this response is scored: 2 B XVIII. This student chose the right answer (B) but for a
reason that does not correspond to any of the above reasoning elements (XVIII).

"A. It's more than 8 billion L.Y. away so they are looking more than 8 billion years in the past.”

How this response is scored: 1 A XII. This student said the explosion happpened more than
8 billion years ago (XII) and thus chose the wrong answer (A).
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Form D
Item 1: Which graph (1-6) best represents how planets orbit the Sun?

What this item measures: This item measures whether or not students can identify the correct
rotation curve for a solar system (Graph 3).

Scoring rubric for item 1.

Score Response

2 - student selects graph 3

1 - student selects any graph other than graph 3

0 - nothing (answer field left blank)
- information that does not answer the question
- no idea

Item 2: Which graph (1-6) best represents how stars orbit the center of the galaxy?

What this item measures: This item measures whether or not students can identify the correct
rotation curve for a galaxy (Graph 2).

Scoring rubric for item 2.

Score Response

2 - student selects graph 2

1 - student selects any graph other than graph 2

0 - nothing (answer field left blank)
- information that does not answer the question
- no idea

Item 3: Rank the speeds at which Planets A, B, and C orbit the Sun:
Ranking Order: Fastest speed 1 2 3 Slowest
Or, all the planets orbit at approximately the same speed. (indicate with a check mark)
Explain your reason for ranking this way:

What this item measures: This item measures whether students can use the rotation curve they
selected in item 1 to correctly compare the speeds of the three planets.



535

Scoring rubric for item 3.

Score Response Includes Reasoning Elements

2 - student correctly relates the speeds of the | I - Student says most of the Solar System's mass is
planets based on the graph s/he chose in its center.

1 - student incorrectly relates the speeds of |1l - Student says most of the Solar System's mass
the planets based on the graph s/he chose |is not in its center.

0 - nothing IIT - Student says planets travel at the same speed
- information that does not answer the because they all take the same amount of time to
question orbit.
- no idea

IV - Student says planets travel at the same speed
regardless of distance (no further explanation).

V - Student says closer (farther) planets move
faster (slower); no further explanation given.

VI - Student says closer (farther) planets move
faster (slower) because they have a shorter
(longer) distance to travel.

VII - Student says closer (farther) planets move
faster (slower) because they need less (more) time
to orbit.

VIII - Student says closer (farther) planets move
slower (faster) because all planets take the same
amount of time to orbit.

IX - Student says closer (farther) planets move
faster (slower) because they feel more (less)
gravity.

X - Student says closer (farther) planets move
faster (slower) because they feel more (less)
centripetal force.

XI - Student references the effects of gravity, but
her answer doesn't fit into the above categories.

XII - Student gives irrelevant information.

XIII - Student gives other reason not specified
above.

XIV - Student says s/he has no idea.

XV - Response field left blank or no reason given.

Item 4: Rank the speeds at which Stars A, B, and C orbit the galaxy.
Ranking Order: Fastest speed 1 2 3 Slowest
Or, all the stars orbit at approximately the same speed. (indicate with a check mark)
Explain your reason for ranking this way:

What this item measures: This item measures whether students can use the rotation curve they
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selected in item 2 to correctly compare the speeds of the three stars.

Scoring rubric for item 4.

Score Response Includes Reasoning Elements
2 - student correctly relates the speeds of the | I - Student says stars orbiting the galaxy act like
planets based on the graph s/he chose planets orbiting the Sun/answer is the same as
item 3.

- student incorrectly relates the speeds of | II - Student says most of the galaxy's mass is in its
the planets based on the graph s/he chose |center.

- nothing IIT - Student says most of the galaxy's mass is not
- information that does not answer the in its center.
question

IV - Student says most of the galaxy's mass is in

- no idea the spiral arms.

V - Student says most of the galaxy's mass is not
in the spiral arms.

VI - Student says most of the galaxy's mass is
located outside/at the edges of the galaxy.

VII - Student says most of the galaxy's mass is not
located outside/at the edges of the galaxy.

VIII - Student says stars travel at the same speed
because they all take the same amount of time to
orbit.

IX - Student says stars travel at the same speed
regardless of distance because of dark matter.

X - Student says stars travel at the same speed
regardless of distance (no further explanation
given).

XI - Student says closer (farther) stars move faster
(slower); no further explanation given.

XII - Student says closer (farther) stars move
faster (slower) because they have a shorter
(longer) distance to travel.

XIII - Student says closer (farther) stars move
faster (slower) because they need less (more) time
to orbit.

XIV - Student says closer (farther) stars move
slower (faster) because all stars take the same
amount of time to orbit.

XV - Student says closer (farther) stars move
faster (slower) because they feel more (less)
gravity.
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XVI - Student says the gravity of the galaxy is not
concentrated in the galaxy's center due to dark
matter.

XVII - Student says closer (farther) stars move
faster (slower) because they feel more (less)
centripetal force.

XVIII - Student says stars farther out in the galaxy
are affected more by dark matter than stars closer
to the center.

XIX - Student references the effects of gravity, but
her answer doesn't fit into the above categories.

XX - Student gives irrelevant information.

XXI - Student gives other reason not specified
above.

XXII - Student says s/he has no idea.

XXIII - Response field left blank or no reason
given.
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Item 5: Based on your previous answers, how is matter distributed in solar systems? Pick the best

answer from the following choices (a-c).

a) Most of the matter in the solar system is located in the Sun.
b) Most of the matter in the solar system is evenly distributed throughout the Sun and planets.

¢) My thinking is different than a and b.
Explain your reasoning.

What this item measures: This looks at whether or not the student understands where matter is

concentrated in solar systems and why.

Scoring rubric for item 5.

Score Response Includes

Reasoning Elements

3 - student chooses the correct answer (A)
and her answer is consistent with her
answer to item 1

2 - student chooses the correct answer (A)
and her answer is inconsistent with her
answer to item 1

1 - student chooses an incorrect answer
0 - nothing
- information that does not answer the
question
-no idea

I - Student says the Sun is big/the most massive
object in the Solar System.

II - Student says the Sun has a large gravitational
force.

IIT - Student says the Solar System's gravity/mass
is concentrated at the location around which
everything orbit.

IV - Student says other non-Sun objects in the
Solar System contribute to the mass of the Solar
System.

V - Student says the mass of all the non-Sun
objects equals or exceeds the Sun's mass.

VI - Student says most of the mass of the Solar
System is at its edge.

VII - Student gives irrelevant information.

VIII - Student gives other reason not specified
above.

IX - Student says s/he has no idea.

X - Response field left blank or no reason given.

Item 6: Based on your previous answers, how is matter distributed in spiral galaxies? Pick the best

answer from the following choices (a-c).

a) Most of the matter in the galaxy is located in the center.
b) Most of the matter in the galaxy is located in the spiral arms.

¢) My thinking is different than a and b.
Explain your reasoning.

What this item measures: This looks at whether or not the student understands where matter is

concentrated in spiral galaxies and why.
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Scoring rubric for item 6.

Score Response Includes Reasoning Elements

3 - student chooses the correct answer (C)|1 - Student says the distribution of mass in the
and her answer is consistent with her| galaxy is like the distribution of mass in the Solar
answer to item 2 System/ the answer is the same as item 5.

2 - student chooses the correct answer (C)|II - Student says most of the mass is at the center
and her answer is inconsistent with her because that's where the density is highest/galaxy
answer to item 2 is brightest.

1 - student chooses an incorrect answer III - Student says there is little matter in the

center.

0 - nothing IV - Student says most of the matter in the galaxy
- information that does not answer the | is at its edge/outskirts.
quesgon V - Student says most of the matter in the galaxy
- no idea

18 in its stars.

VI - Student says matter is evenly distributed
throughout the galaxy.

VII - Student says most of the mass of the galaxy
is dark matter.

VIII - Student says there is more dark matter in
the spiral arms/disk than anywhere else.

IX - Student says dark matter is located outside
the parts of the galaxy you can see.

X - Student says matter is brought closer together
as it moves toward the center.

XI - Student talks about the black hole in the
galaxy's center.

XII - Student says most of the galaxy's gravity is
located in its spiral arms.

XIII - Student says gravity is evenly distributed
throughout the galaxy.

XIV - Student says the galaxy's gravity/mass is
concentrated at the location around which
everything orbits.

XV - Student references dark matter, but her
answer doesn't fit into any of the above categories.

XVI - Student gives irrelevant information.

XVII - Student gives other reason not specified
above.

XVIII - Student says s/he has no idea.

XIX - Response field left blank or no reason
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given.

Item 7: Based on your answers for Questions 1-7, do stars orbiting the center of a galaxy act like
planets orbiting the Sun? If yes, explain why. If no, explain why not.

What this item measures: This question looks at whether students can use their previous
answers to compare the orbits of planets and stars and explain why galaxies, unlike solar
systems, have flat rotation curves.



541

Scoring rubric for item 7.

Score

Response Includes

Reasoning Elements

3

- student answers no

- student says that matter is distributed
differently in solar systems and galaxies
AND/OR that the velocities of
stars/rotation curves of galaxies are
different than the velocities of
planets/rotation curves of solar systems
ANDY/OR that her previous responses were
different for solar systems and galaxies
(and were also scored as correct)

- student says no
- student's reasoning is incorrect or
incomplete

- student says they are the same or similar

- nothing (answer field left blank)

- information that does not answer the
question

- no idea

I - Student says that orbiting stars act like orbiting
planets.

II - Student says that orbiting stars do not act like
orbiting planets.

IIT - Student says that orbiting stars do not act like
orbiting planets, but only because of superficial
reasons.

IV - Student says stars move slower than planets.

V - Student says stars have irregular orbits/don't
orbit a specific point, unlike planets.

VI - Student says the distribution of matter in
galaxies is different from the distribution of matter
in solar systems.

VII - Student says the velocities of stars/rotation
curves of galaxies are different than the velocities
of planets/rotation curves of solar systems.

VIII - Student talks about the black hole at the
center of the galaxy.

IX - Student references the effects of gravity, but
her response does not fit into any of the previous
categories.

X - Student references the effects of dark matter,
but her response does not fit into any of the
previous categories.

XI - Student says her previous responses were the
same for the solar system and the galaxy.

XII - Student says her previous responses were
not the same for the solar system and the galaxy.

XIII - Student gives irrelevant information.

XIV - Student gives other reason not specified
above.

XV - Student says s/he has no idea.

XVI - Response field left blank or no reason
given.

Example responses and scores:
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NB: All of these responses are taken from the same student.
Item 1: "5”
How this response is scored: 1. This student did not choose graph 3.
Item 2: "2”
How this response is scored: 2. This student chose graph 2.
Item 3: "4, B, C. Most of mass of Solar System is located at the center of the Sun”

How this response is scored: 2 1. This response is consistent with his response to item 1. He
specified where most of the mass is located (I).

Item 4: "most of the mass is not located in the center of the universe”
How this response is scored: 2 III. This response is consistent with his response to item 2 and
he said most of the mass is not in the center (III). I ignored the fact that he said “universe” and
not “galaxy.”

Item 5: "4”

How this response is scored: 3 X. A is the correct answer and it is consistent with his graph
choice in item 1. He did not provide any reason for his answer (X).

Item 6: "C. distributed throughout”

How this response is scored: 3 VI. C is the correct answer and it is consistent with his graph
choice in item 2. He said matter is distributed throughout the galaxy. (VI).

Item 7: "NO, planets at farther distances orbit more slowly”
How this response is scored: 3 II VII. This student correctly says that the orbits of planets

are different from the orbits of stars (II) because planets move slower at greater orbital distances
(Vi)



